Coronavirus disease 2019 (COVID-19) is a viral pandemic precipitated by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emerging in late December 2019 from Wuhan, Hubei Province, China.[@bib0001] Since then, the number of cases has exponentially increased around the globe, with over 9 million confirmed cases as of June 27, 2020.[@bib0002] Early in the pandemic, it was postulated that the use of renin-angiotensin-aldosterone-system (RAS) antagonists may independently affect health outcomes in patients with COVID-19. This hypothesis originates from the intricate interplay between the SARS-CoV-2 and RAS system; membrane bound angiotensin-converting enzyme 2 (ACE2) has been suggested to play an important role for SARS-CoV-2 entry into human cells. However, direct evidence for infection of cardiac tissue by SARS-CoV-2 and expression levels of ACE2 in different cardiac cell types remain unknown. Furthermore, patients with comorbidities including hypertension, diabetes mellitus, and chronic kidney disease (CKD) have higher circulating ACE2 expression, leading to a potentially additive effect with ACEI/ARB use.[@bib0003] Yet some experts contend that ACEIs/ARBs may be beneficial in these patients[@bib0004] ---the main substrate of ACE2 is angiotensin II, converting it to angiotensin 1-7 which causes vasodilation and hypotension. There remains a lack of clinical data regarding association of ACEI/ARB use and outcomes in humans infected with SARS-CoV-2.

Given its prevalent usage in the United States coupled with the growing concern that ACEI/ARB use may exacerbate viral disease, there is an urgent need to address the inquiry about continuing ACEI/ARB in patients diagnosed with COVID-19. In the current report, we present a retrospective cohort study evaluating the association of ACEI/ARB use with hospital admission in patients with COVID-19 in the United States.

Methods {#sec0001}
=======

This is a retrospective cohort study of all consecutive adult patients (≥18 years) who presented to the outpatient, emergency room, or inpatient setting and were diagnosed with COVID-19 between March 1st, 2020 and April 15th, 2020 at the University of California, Los Angeles (UCLA) Health System. The UCLA Health Care System includes 2 academic medical centers (UCLA Ronald Reagan and UCLA Santa Monica) and multiple ambulatory outpatient sites dispersed throughout Los Angeles County. COVID-19 was diagnosed based on a positive reverse transcription-polymerase chain reaction of a nasopharyngeal swab or a bronchoalveolar lavage. This study was exempt from patient informed consent under oversight by the institutional review board of the University of California, Los Angeles.

Data including patient demographics, clinical presentation, laboratory values, past medical history, and outpatient medications were collected from the electronic medical record. Patient demographic information included age, gender, race, and body mass index. The patient\'s clinical presentation included symptoms (subjective fevers, chills, night sweats, cough, sore throat, congestion, dyspnea, chest pain, myalgia, malaise, headaches, abdominal pain, diarrhea, nausea/vomiting, loss of smell/taste, decrease appetite, dizziness, syncope, altered mental status), approximate start of symptoms onset and COVID-19 testing date were collected. Comorbidities of interest included history of cardiovascular disease and associated risk-factors (hypertension, diabetes, obesity, prior/present smoking, coronary artery disease \[CAD\], myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, cardiomyopathy, congestive heart failure \[CHF\], valvular disease, valvular intervention, atrial fibrillation and other arrhythmias including cardiac arrest, heart block, and cardiac device implantation, cerebrovascular accident \[CVA\], peripheral artery disease), hypothyroidism, reactive airway disease, chronic lung disease, sleep apnea, CKD and ESRD, organ transplant, deep venous or pulmonary thromboembolism, liver disease, malignancy, gastrointestinal bleeding, inflammatory bowel disease, hematologic disorders, rheumatologic disorders, prior surgeries, and depression, which were abstracted from the electronic medical record. Use of outpatient medications, specifically cardiovascular medications which included ACEIs, ARBs, beta blockers, calcium channel blockers, diuretics, statins, anti-platelet therapy, diabetic and immunosuppressive medications were collected from electronic medical records. For those patients that were hospitalized serial cardiovascular (troponin and brain natriuretic peptide) and inflammatory markers (D-Dimer, erythrocyte sedimentation rate \[ESR\], C-reactive protein \[CRP\], and Interleukin-6, procalcitonin) were abstracted from electronic medical records.

A patient\'s first interaction with a healthcare system to discuss COVID-19 symptoms and testing via phone call, telemedicine visit, outpatient clinic visit, or emergency room visit was defined as the index healthcare COVID-19 contact. Patients who were on an ACEI/ARB at the time of their index healthcare COVID-19 contact were classified as ACEI/ARB group. Those patients who were not on an ACEI/ARB at the time of their index healthcare COVID-19 contact were defined as the non-ACEI/ARB group. Patients in whom ACEI/ARB was discontinued after hospitalization they were included in the ACEI/ARB group for the primary outcome analysis. CVA was defined as a prior stroke or transient ischemic attack. Chronic lung disease was defined as a diagnosis of asthma, chronic obstructive lung disease, bronchitis or emphysema. CKD was defined as estimated glomerular filtration rate of \<60 and ESRD disease was defined as estimated glomerular filtration rate of \<15 or treatment with dialysis.

The primary outcome was inpatient admission. Emergency room visit with subsequent discharge was not considered inpatient admission. Secondary outcomes included: need for intensive care unit (ICU) admission, need for endotracheal intubation and mechanical ventilation, length of hospital stay, all-cause mortality and cardiac and inflammatory biomarkers.

Given significant differences in age and other comorbidities between the 2 study groups propensity score-matched cohorts were created to adjust for expected confounders associated with increased likelihood of ACEI/ARB use. Propensity scores derived from logistic regression were used to match ACEI/ARB and non-ACEI/ARB using a matching caliper size of 0.2. Variables used for matching included: age, hypertension, dyslipidemia, diabetes/pre-diabetes, CAD, CHF, CVA, chronic lung disease, and CKD/ESRD. Sensitivity analysis was performed to test the robustness of model by evaluating different combination of confounding variables in the propensity regression model. Of note, propensity matching without hypertension as a covariate resulted in significant imbalance for other cardiovascular comorbidities, therefore it was included in the model as a covariate. Matching was considered robust and successful if no significant difference was observed between the 2 study groups for the covariate using non-parametric testing. Any imbalanced and clinically important variables were further adjusted in the logistic regression model.

Continuous variables were expressed as median and interquartile range (IQR), and categorical variables were expressed as number and percentage (%). Statistical differences between the 2 groups were analyzed using the Mann-Whitney U test for continuous variables, while categorical variables were compared using Fisher\'s exact test for both unmatched and matched cohorts. The risk for the primary outcome and corresponding odds ratio (OR) and 95% confidence intervals (CI) were calculated using binary logistic regression models comparing the ACEI/ARB group versus the non-ACEI/ARB group in both unmatched and matched cohorts after adjusting for significant comorbidities. Covariates in the model included gender in addition to variables used in propensity matching, age was categorized into 10-year increments in regression model. Area under curve (AUC) was calculated using receiver operating curves (ROC) to evaluate predictive value of age and number of comorbidities. A 2-side p value of less than 0.05 was considered statistically significant. Data were analyzed using SPSS Statistics (Version 25.0, IBM, Armonk) and R (Version 3.3.3, The R Foundation for Statistical Computing, Vienna, Austria).

Results {#sec0002}
=======

Overall, this study included 590 COVID-19 positive patients in the unmatched cohort (median age 46 years, \[IQR 33 to 60\] years, 48.8% male) with 78 (13.2%) patients in the ACEI/ARB group and 512 (86.8%) patients in the non-ACEI/ARB group. The propensity score-matched cohort included 149 patients (median age 64 years, \[IQR 53 to 77\] years, 55.7% male) of which 78 (52.3%) patients were included in the ACEI/ARB group and 71 (47.7%) in the non-ACEI/ARB group. The characteristics of the 2 study groups at the time of index healthcare COVID-19 contact are listed in [Table 1](#tbl0001){ref-type="table"} . After propensity score matching, no significant difference in baseline demographics and comorbidities were present between the 2 study groups ([Table 1](#tbl0001){ref-type="table"}). Symptoms associated with being COVID-19 positive were overall similar between the 2 study groups. However, before propensity matching headaches were observed significantly more in those in the non-ACEI/ARB group as compared to those in the ACEI/ARB group (p = 0.01), but this association lost statistical significance after propensity matching (p = 0.15, [Table 2](#tbl0002){ref-type="table"} ).Table 1Baseline characteristics of patients in ACEI/ARB and non-ACEI/ARB groups before and after propensity score matchingTable 1UnmatchedMatchedACEI/ARBNon-ACEI/ARBp valueACEI/ARBNon-ACEI/ARBp valuen = 78n = 512n = 78n = 71VariablesAge (years), median (IQR)63 (55-75)42 (32-55)\<0.00165 (55-75)64 (51-77)0.658Age \>60 years51 (66.2%)99 (19.3%)\<0.00177 (98.7%)68 (95.8%)0.348Men46 (59.7%)242 (47.1%)0.05147 (60.3%)36 (50.7%)0.253Number of comorbidities, median (IQR)3 (3-4)1 (0-2)\<0.0013 (3-4)3 (2-4)0.041Coronary Artery Disease15 (19.5%)16 (3.2%)\<0.00116 (20.5%)10 (14.1%)0.388Myocardial infarction7 (9.1%)5 (1.1%)\<0.0018 (10.3%)3 (4.3%)0.217Percutaneous Coronary Intervention/Coronary Artery Bypass Grafting13 (17.9%)11 (2.2%)\<0.00113 (14.8%)7 (9.9%)0.472Peripheral Arterial Disease5 (8.3%)6 (1.4%)0.0056 (7.7%)4 (5.6%)0.748Stroke/Transient Ischemic Attack9 (15%)10 (2.2%)\<0.0019 (11.7%)7 (9.9%)0.795Cardiomyopathy8 (10.5%)9 (1.8%)\<0.0019 (11.7%)4 (5.7%)0.203Heart failure7 (15.6%)14 (4.3%)0.00810 (12.8%)8 (11.3%)0.807Heart failure with reduced ejection fraction3 (9.1%)5 (2.2%)0.0644 (11.8%)3 (7.3%)0.695Left ventricle ejection fraction, median (IQR)63 (58-68)63 (58-65)0.70463 (54-67)65 (58-66)0.878Atrial Fibrillation8 (12.7%)15 (3.2%)\<0.0018 (12.5%)9 (12.9%)0.979Other atrial/ventricular arrhythmias3 (5.1%)12 (2.6%)0.2153 (4.8%)6 (8.6%)0.498Permanent pacemaker or Implantable Cardioverter Defibrillator5 (8.3%)2 (0.5%)\<0.0015 (8.2%)2 (3.1%)0.262Hypertension73 (96.1%)77 (15.7%)\<0.00174 (96.1%)63 (88.7%)0.119Dyslipidemia51 (67.1%)145 (29.7%)\<0.00166 (84.6%)56 (78.9%)0.472Diabetes/Pre-diabetes41 (53.9%)114 (23.2%)\<0.00141 (52.6%)40 (56.3%)0.742Smoking, current or past11 (15.9%)64 (13.4%)0.36313 (14.8%)18 (25.4%)0.112Obesity26 (36.6%)88 (18.3%)0.00130 (34.1%)19 (26.8%)0.388Hypothyroidism16 (21.1%)33 (6.8%)\<0.00117 (22.1%)11 (15.7%)0.402Chronic lung disease15 (19.7%)50 (10.3%)0.01115 (19.5%)13 (18.3%)0.732Obstructive Sleep Apnea11 (17.5%)19 (4.1%)\<0.00111 (17.2%)6 (8.6%)0.134Chronic Kidney Disease/End Stage Renal Disease14 (18.4%)25 (5.1%)\<0.00115 (19.5%)14 (19.7%)0.991Organ Transplantation5 (6.8%)9 (1.9%)0.0285 (6.7%)4 (5.8%)0.994Deep Vein or Pulmonary Thromboembolism4 (6.2%)15 (3.3%)0.114 (6.2%)6 (8.8%)0.997Cancer15 (19.7%)22 (4.5%)\<0.00115 (19.5%)6 (8.5%)0.063Active Cancer2 (2.8%)5 (1.1%)0.2152 (2.9%)1 (1.6%)0.972Immunologic diseases2 (3.3%)16 (3.5%)0.9782 (3.2%)4 (6.1%)0.681Hematologic diseases7 (11.3%)14 (3.1%)0.0077 (11.1%)6 (8.8%)0.773Rheumatologic diseases7 (11.5%)17 (3.7%)0.0157 (11.3%)4 (5.8%)0.348[^2]Table 2Symptoms reported in ACEI/ARB and non-ACEI/ARB groups before and after propensity score matchingTable 2UnmatchedMatchedACEI/ARBNon-ACEI/ARBp valueACEI/ARBNon-ACEI/ARBp valuen = 78n = 512n = 78n = 71SymptomsFever39 (62.9%)310 (67.1%)0.56739 (61.9%)44 (67.7%)0.493Cough47 (77.1%)364 (79.1%)0.70847 (75.8%)48 (76.2%)0.961Sore throat10 (16.1%)124 (27.4%)0.06410 (16.1%)12 (21.1%)0.645Congestion/Rhinorrhea16 (28.1%)160 (35.8%)0.30216 (28.1%)17 (29.9%)0.841Dyspnea28 (44.4%)153 (33.4%)0.09128 (43.8%)16 (25.4%)0.041Chest Pain6 (10.1%)74 (16.2%)0.2576 (9.8%)10 (16.1%)0.422Dizziness5 (9.1%)24 (5.6%)0.3575 (8.9%)2 (3.3%)0.261Syncope2 (3.6%)6 (1.4%)0.2253 (5.4%)4 (6.7%)0.982Myalgias28 (45.2%)219 (47.9%)0.78728 (44.4%)28 (45.2%)0.936Fatigue21 (36.8%)164 (36.3%)0.93421 (36.8%)19 (31.1%)0.563Headache7 (12.3%)126 (28.1%)0.0117 (12.3%)14 (23.3%)0.151Gastrointestinal symptoms26 (42.6%)179 (39.3%)0.61326 (42.6%)20 (32.3%)0.267Altered mental status4 (8.2%)11 (2.9%)0.0815 (10.1%)10 (18.9%)0.267

In the propensity matched cohort, use of cardiovascular and diabetes medications was not different between the 2 groups except significantly higher use of diuretics, statins and immunosuppressive medications in the ACEI/ARB group as compared to the non-ACEI/ARB group (p \<0.05) ([Table 3](#tbl0003){ref-type="table"} ). In the unmatched cohort, there was no significant difference in cardiac biomarkers or inflammatory biomarkers between the ACEI/ARB and non-ACEI/ARB groups ([Table 4](#tbl0004){ref-type="table"} ). After propensity matching, those in the ACEI/ARB group were found to have significantly lower median peak inflammatory markers of ESR, procalcitonin, and fibrinogen as compared to the non-ACEI/ARB group ([Table 4](#tbl0004){ref-type="table"}).Table 3Outpatient medication use amongst ACEI/ARB and non-ACEI/ARB groups before and after propensity score matchingTable 3UnmatchedMatchedACEI/ARBNon-ACEI/ARBp valueACEI/ARBNon-ACEI/ARBp valuen = 78n = 512n = 78n = 71MedicationsBeta Blockers24 (31.2%)30 (6.2%)\<0.00124 (31.2%)17 (23.9%)0.362Calcium Channel Blockers20 (25.6%)33 (6.8%)\<0.00120 (25.6%)24 (33.8%)0.287Diuretics29 (37.2%)18 (3.7%)\<0.00129 (37.2%)12 (16.9%)0.006Spironolactone1 (1.6%)8 (1.7%)0.9991 (1.6%)1 (1.4%)0.987Vasodilators3 (3.8%)7 (1.4%)0.1483 (3.8%)4 (5.6%)0.709Immunosuppressive Treatment15 (19.3%)26 (5.3%)\<0.00117 (19.3%)4 (5.6%)0.017Statin Therapy48 (62.3%)53 (11.1%)\<0.00148 (62.3%)28 (40.3%)0.008Aspirin27 (42.9%)31 (6.6%)\<0.00130 (34.5%)16 (22.5%)0.115P2Y12 receptor blockers5 (8.2%)5 (1.1%)0.0035 (8.2%)5 (7.4%)0.991Direct Oral Anticoagulants6 (10.2%)12 (2.8%)0.0146 (10.2%)6 (9.8%)0.945Diabetes medications23 (30.3%)27 (5.6%)\<0.00127 (31.4%)14 (20.2%)0.143Table 4In-hospital labs upon admission amongst ACEI/ARB and non-ACEI/ARB groups before and after propensity score matchingTable 4UnmatchedMatchedACEI/ARBNon-ACEI/ARBp valueACEI/ARBNon-ACEI/ARBp valuen = 35n = 87n = 35n = 28In-Hospital Labs, median (IQR)Peak Troponin0.04 (0.04-0.04)0.04 (0.04-0.04)0.5620.04 (0.04-0.06)0.04 (0.04-0.09)0.184Brain Natriuretic Peptide76.3 (42.5-262)69.1 (29.7-246)0.44976.2 (42.5-357)213 (74.3-387)0.123Procalcitonin0.11 (0.10-0.35)0.14 (0.10-0.76)0.2350.11 (0.10-0.42)0.41 (0.10-3.19)0.02D-Dimer1492 (882-3201)1459 (710-3319)0.9541515 (912-3537)2285 (889-4242)0.372Erythrocyte Sedimentation Rate35.5 (22.8-62.3)67.1 (40.2-103)0.09835.5 (22.8-62.3)81 (55.3-105)0.041C-Reactive Protein7.81 (3.18-14.9)9.9 (2.9-17.7)0.3027.8 (3.18-14.93)11.1 (4.7-18.6)0.235Interleukin-613.1 (5.5-24.4)19.3 (7.1-43.2)0.21913.2 (5.54-24.1)28.5 (13.8-81.3)0.061Fibrinogen476 (415-476)680 (645-795)0.311497 (415-497)673 (645-707)0.046

A total of 122 (20.6%) patients were hospitalized during the study period ([Table 5](#tbl0005){ref-type="table"} ). In the unmatched cohort, a higher proportion of patients who were receiving ACEI/ARB medications in the outpatient setting were admitted as compared to those not taking either of these classes of medications (44.9% vs 17.4%; p \<0.001). In the adjusted matched cohort, there was no significant difference in the admission rate for those in the ACEI/ARB group versus the non-ACEI/ARB group (44.9% vs 39.4%; p = 0.512) ([Table 5](#tbl0005){ref-type="table"}). Similarly, in the propensity matched cohort, there was no statistically significant difference in the incidence of ICU admission, endotracheal intubation, hospital length of stay, inotrope use, and all-cause mortality for the ACEI/ARB versus non-ACEI/ARB group, respectively ([Table 5](#tbl0005){ref-type="table"}).Table 5Outcomes amongst ACEI/ARB and non-ACEI/ARB groups before and after propensity score matchingTable 5UnmatchedMatchedACEI/ARBNon-ACEI/ARBp valueACEI/ARBNon-ACEI/ARBp valuen = 78n = 512n = 78n = 71Primary OutcomeAdmission to hospital35 (44.9%)87 (17.3%)\<0.00135 (44.9%)28 (39.4%)0.512Secondary OutcomesIntensive Care Unit Admission13 (16.7%)32 (6.2%)0.02813 (16.7%)13 (18.3%)0.831Mechanical Ventilation7 (9.1%)22 (4.3%)0.0576 (7.7%)10 (14.1%)0.291Length of Hospital Stay, median (IQR)8 (4-14)**6 (3-12)**0.1787.2 (4-14)6.5 (3-14)0.351Inotrope use2 (2.6%)14 (2.7%)0.8442 (2.8%)6 (8.5%)0.152All-cause mortality1 (1.3%)5 (1.2%)0.7071 (1.5%)3 (4.8%)0.357[^3]

The number of comorbidities was significantly higher in patients who were admitted versus those who were not admitted both in unmatched (median 3, IQR \[1 to 4\] vs median 1, IQR \[0 to 2\]; p \<0.001) and matched (median 4, IQR \[3 to 5\] vs median 3, IQR \[2 to 4\]; p \<0.001) study cohorts and this remained significant on stratification by use of ACEI/ARB ([Figure 1](#fig0001){ref-type="fig"} ). ROCs showed that AUC for age and number of comorbidities was predictive of admission to hospital in both unmatched and matched study cohorts in all-comers and on stratification by ACEI/ARB use (all p \<0.05) ([Figure 2](#fig0002){ref-type="fig"} ).Figure 1Association of ACEI/ARB use with number of comorbidities.Panel A shows the unmatched population. For patients not on ACEI/ARB, the number of comorbidities was higher in admitted patients (median 2, IQR 1 to 3) compared to those not admitted (median 1, IQR 0 to 2, p \<0.001). For patients on ACEI/ARB, the number of comorbidities was higher in admitted patients (median 4, IQR 3 to 5) compared to thosewho were not admitted (median 3, IQR 2 to 4, p \<0.001). Panel B shows the matched population. For patients not on ACEI/ARB, number of comorbidities was higher in admitted patients (median 3, IQR 2.25 to 5) compared to those not admitted (median 2 IQR 2 to 4, p \<0.022). For patients on ACEI/ARB, number of comorbidities was higher in admitted patients (median 4, IQR 3 to 5) compared to those not admitted (median 3, IQR 2 to 4, p \<0.001). In both the matched and unmatched cohort, ACEI/ARB use was associated with increased number of comorbidities compared to nonuse in both hospitalized and nonhospitalized patients.IQR = interquartile range.Figure 1Figure 2Age and Number of Comorbidities in Relation to Hospital Admission. Panel A shows ROC for age (AUC 0.72, 95%CI: 0.67 to 0.78, p \<0.001) and number of comorbidities (AUC 0.75, 95%CI: 0.70 to 0.80, p \<0.001) in all unmatched patients (n = 590). Panel B shows ROC for age (AUC 0.69, 95%CI: 0.63 to 0.76, p \<0.001) and number of comorbidities (AUC 0.72, 95%CI: 0.66 to 0.78, p \<0.001) in all unmatched patients not on an ACEI/ARB (n = 590). Panel C shows the ROC for age (AUC 0.66, 95%CI: 0.54 to 0.79, p = 0.013) and number of comorbidities (AUC 0.76, 95%CI: 0.66 to 0.87, p = 0.13) in all unmatched patients on a ACEI/ARB (n = 78).Panel D shows the ROC for age (AUC 0.66, 95%CI: 0.57 to 0.75, p = 0.001) and number of comorbidities (AUC 0.71, 95%CI: 0.63 to 0.80, p \< 0.001) in all matched patients (n = 149). Panel E shows the ROC for age (AUC 0.66, 95%CI: 0.53 to 0.79, p = 0.024) and number of comorbidities (AUC 0.66, 95%CI: 0.53 to 0.79, p = 0.027 in all matched patients not on an ACEI/ARB (n = 71). Panel F shows the ROC for age (AUC 0.66, 95%CI: 0.54 to 0.79, p = 0.013) and number of comorbidities (AUC 0.76, 95%CI: 0.66 to 0.87, p \<0.001) in all matched patients on an ACEI/ARB (n = 78). AUC = area under the curve; CI = confidence interval; ROC = receiver operating curve.Figure 2

In the multivariate logistic regression analysis of the unmatched cohort, use of ACEI/ARB in COVID-19 positive patients was not associated with hospital admission (OR 1.2; 95%CI 0.5 to 2.6, p = 0.677) when compared to those not on an ACEI/ARB ([Table 6](#tbl0006){ref-type="table"} ). Significant factors associated with admission to hospital in this multivariate unmatched model, included: age in 10-year increments (OR 1.3, 95%CI 1.1 to 1.5, p = 0.001), male gender (OR 2.1, 95%CI 1.3 to 3.4, p = 0.003), history of CAD (OR 3.2, 95%CI 1.2 to 9.1, p = 0.024), chronic lung disease (OR 2.2, 95%CI 1.2 to 4.3, p = 0.017), and CKD/ESRD (OR 6.2, 95%CI 2.5 to 15.5, p \<0.001) ([Table 6](#tbl0006){ref-type="table"}).Table 6Multivariate logistic regression model for various predictors of hospital admission in matched and unmatched cohortsTable 6Unmatched (n = 559)Matched (n = 145)OR95%CIp valueOR95%CIp valuePredictorsACEI/ARB use1.20.5-2.60.6771.20.5-2.70.652Age in 10-year increments1.31.1-1.50.0011.20.9-1.50.203Male gender2.11.3-3.40.0031.40.6-3.20.376Hypertension1.40.7-2.90.3220.60.1-2.80.529Dyslipidemia0.60.3-1.10.1130.90.3-2.50.783Diabetes/Pre-diabetes1.50.8-2.50.1841.20.5-3.10.676Coronary artery disease3.21.2-9.10.0244.11.2-13.20.022Congestive heart failure1.50.5-4.40.5051.40.4-5.30.617Stroke/Transient Ischemic Attack1.90.6-6.40.3021.90.5-7.20.339Chronic lung disease2.21.2-4.30.0171.90.7-5.20.191Chronic Kidney Disease/End Stage Renal Disease6.22.5-15.5\<0.0015.61.8-17.20.002[^4]

In the multivariate logistic regression analysis of the propensity matched cohort, use of ACEI/ARB in COVID-19 positive patients was also not associated with hospital admission (OR 1.2; 95%CI 0.5 to 2.7, p = 0.652) when compared to those not on an ACEI/ARB ([Table 6](#tbl0006){ref-type="table"}). Significant factors independently associated with admission to hospital in this matched model included: CAD (OR 4.1, 95%CI 1.2 to 13.2, p = 0.022) and CKD/ESRD (OR 5.6, 95%CI 1.8 to 17.2, p = 0.002) ([Table 6](#tbl0006){ref-type="table"}).

Discussion {#sec0003}
==========

In this single-center, retrospective, US based cohort study of 590 consecutive patients with confirmed diagnosis of COVID-19, baseline use of ACEI/ARB was not associated with increased risk of hospital admission. Two recently published studies from China evaluated the association of ACEI/ARB with all-cause in-hospital mortality in patients with COVID-19.[@bib0005] ^,^ [@bib0006] Our study evaluated the impact of outpatient ACEI/ARB use on outcomes in patients who tested positive for SARS-CoV-2. Our study adds to the growing COVID-19 literature, and further strengthens the recommendations put forth by professional societies, including American College of Cardiology, American Heart Association, and Heart Failure Society of America to continue ACEI/ARBs among patients with co-existing hypertension and COVID-19[@bib0007].

Hypertension and use of ACEI/ARB is more common in patients who are older and have other major CV comorbidities including CAD, MI, CHF, CVA and CKD, therefore, these key confounders must be accounted for in the studies evaluating role of ACEI/ARB on outcomes.[@bib0006] ^,^ [@bib0008] In our study, we found that ACEI/ARB users had more comorbidities than non-ACEI/ARB users. This relationship of increased number of comorbidities with ACEI/ARB use was also seen when stratified by primary outcome of in-hospital admission ([Figure 1](#fig0001){ref-type="fig"}). After our study was propensity matched for known covariates of poor outcomes in COVID-19,[@bib0005] ^,^ [@bib0006] we found no differences in the rate of hospital admissions in ACEI/ARB users versus nonusers. There were also no differences between groups in secondary outcomes, focusing on clinical markers of inpatient prognosis, such as ICU admission, length of hospital stay, mechanical ventilation, inotrope use and all-cause mortality. However; we did find that CAD and CKD/ESRD remained significant independent determinants of admission to hospital in the multivariate analysis.

Interestingly, after propensity matching, median peak inflammatory markers, including ESR, CRP, Interleukin-6, and D-dimer laboratory values were higher in the non-ACEI/ARB group. This finding is consistent with recently published data by Zhang et al.[@bib0005] These results may partially be explained by the intricate interaction of ACEI/ARB with the RAS system. ACEI/ARB upregulates membrane-bound ACE2, which in turn converts angiotensin II to angiotensin-(1 to 7), attenuating the vasoconstrictive and inflammatory effects of angiotensin II.[@bib0009] Studies investigating ACEI/ARB use have shown an association with reduction of various inflammatory markers including fibrinogen, D-dimer and CRP.[@bib0010] Therefore, ACEI/ARB use during COVID-19 infection may potentially lead to lower levels although in our study they did not translate into improved clinical outcomes.

Our study adds to the growing body of evidence that in patients with COVID-19 there is no adverse association of ACEI/ARB use with clinical outcomes.[@bib0005] ^,^ [@bib0006] Zhang et al showed a decreased mortality in patients on ACEI/ARB, while the study by Li et al showed no significant difference in mortality in patients with and without ACE or ARB use. The theoretical concerns of ACEI/ARB facilitating SARS-CoV-2 entry into human cells by way of increased ACE2 expression, have not been confirmed in any clinical studies. While future prospective and randomized-controlled trials are needed, this study demonstrates that continuation of ACEI/ARB therapy appears to be safe and warranted. This could be due to downregulation of ACE2 in cardiac tissue as suggested by Nicin et al or due to genetic variance and polymorphism of ACE2 in humans.[@bib0011] Additionally, discontinuing ACEI/ARB therapy has potential downstream effects such as clinical deterioration in patients with CHF, myocardial infarction and rebound hypertension.

This study has several limitations. First, this cohort was obtained from a single University Health System. While the study does encompass a heterogeneous population, further geographically and racially diverse studies to provide greater generalizability. Second, our sample size was modest, but the findings of our study are consistent with those from other studies evaluating inpatients with COVID-19 and include data verified by physician review. The study sample is not large enough to evaluate differential effects between ACEI/ARBs, varying indications for these medications, such as heart failure with reduced ejection fraction or hypertension or the role of race. Finally, the study was a retrospective analysis and thus prone to inherit biases such as unmeasured confounding between the 2 study groups. Although, we performed propensity matching to account for these disparities, further large-scale prospective and randomized controlled are needed to better understand the efficacy of ACEI/ARB use in patients with COVID-19.

Among patients who were diagnosed with COVID-19, ACEI/ARB use was not associated with increased risk of hospital admission. Cardiovascular comorbidities are major determinants of admission to hospital in patients with COVID-19. While future prospective and randomized-controlled trials are needed, this study adds to a growing body of evidence that continuation of ACEI/ARB therapy, appears to be safe and further supports current societal recommendations by American College of Cardiology/American Heart Association/and Heart Failure Society of America to continue ACEI/ARB therapy in a heterogenous COVID-19 patient population.
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